This paper reports the results of a prospective survey of 266 attempted central venous catheterisations by various routes, evaluating their success rate and incidence of immediate complication,. and attempts to demonstrate a relationship between patient height in centimetres (H) and ideal catheter length. The overall rate of intrathoracic placement was 230 from 239 catheterisations (96%) after 266 attempts (86%). Of these 230 catheters, 54 terminated in the right atrium (24%). To avoid right atrial placement with its well documented risk of cardiac tamponade, it is recommended that right infraclavicular subclavian catheters are inserted to HIJO-2 cm, right internal or exterflaljugular catheters to HIJOcm and left external jugular catheters to HI 10 + 4 cm.
Central venous catheterisation is commonly employed to monitor central venous pressure and to administer drug therapy and nutrition to patients in Intensive Care Units (ICU) and undergoing major surgery. Many techniques have been described. I In this prospective survey a record was kept of various routes of central venous catheterisation in 239 consecutive patients undergoing elective cardiac or thoracic surgery.
The purpose of the study was to investigate the successful placement rate and immediate complication rate of these techniques and in particular to correlate the length of catheter inserted with patient height while aiming to place the catheter tip in the superior vena cava (SVC).
MATERIALS AND METHODS
The majority of patients were scheduled for elective coronary artery bypass grafting and were premedicated according to the preference of the individual anaesthetist. Ten specialist anaesthetists, one fellow and one registrar inserted catheters during the study.
More than 80% of the catheterisations were performed after the induction of general anaesthesia and the remainder under local anaesthesia.
The site selected by the anaesthetist managing that patient was prepared with povidone-iodine followed by methylated spirits, then covered with a sterile fenestrated drape, after which the patient was placed in a 30· Trendelenburg position.
Cannulation of the selected vein [left (L) or right (R) infraclavicular subclavian (SC), internal jugular (IJ) or external jugular (EJ) vein] was attempted with either a 16-gauge 6.35 cm introducer catheter or a 18-gauge 6.35 cm thinwalled needle using a sterile technique (Arrow-Howes Multi-Lumen Central Venous Catheterisation Set-product No. CS-14703). The LSC was avoided when a left internal mammary graft was planned.
The J-tipped 68 cm, 0.89 mm diameter spring guide wire was then advanced into a central venous position with gentle manipulation if necessary. The introducer was removed, the skin incision enlarged and the vessel dilator passed over the wire and removed. The 30 cm 7FR triple-lumen catheter (TLC) was then inserted over the wire, which was removed. Each lumen was aspirated and flushed and the TLC was secured as recommended.
An anteroposterior (AP) chest X-ray (CXR) was performed in the ICU immediately postoperatively and the position of the TLC tip was recorded, relative to the superior vena cava (SVC)/right atrial (RA) junction. Details of patient age, height and catheter length, site and any immediate complications were recorded. A total of 266 attempts resulted in 239 catheterisations. Intrathoracic placement occurred in 230 of 266 attempts (86%) and in 230 of 239 catheterisations (96%). The TLC tip terminated in the RA in 54 of these 230 (24%).
Results of the various routes are summarised in Table 1 . The only complications recorded were malposition, failure and arterial puncture. The RSC artery was punctured in two patients and catheterised in one of these. The right carotid artery was punctured in three patients and catheterised in one of these. Both arterial catheterisations were performed by specialist anaesthetists and were detected only after transducing the pressure subsequently. Neither patient was noted to be hypotensive at the time of cannulation.
The distribution of the 91 intrathoracic RSC TLCs is analysed in Table 2 where catheter length is expressed as a function of patient height (HI 1 0 ± n cm): for instance, a TLC inserted to 16 cm in a patient 170 cm tall would be expressed as HI 1 0 -1 cm). Of the 31 TLCs inserted to Hll 0 cm, nine ended in the RA (29%), while thirteen of sixteen (78%) inserted more than HII0 + 1 cm ended in the RA. The distribution of the 53 intrathoracic RIJ TLCs is presented in Table 3 . TLCs inserted to HI 1 0 cm or less all ended in the SVC, while of those inserted more than HIl 0+· 1 cm, 47% ended in the RA.
Nineteen LEJ TLCs inserted to HllO + 4 cm ended in the lower SVC, while three of eight (38%) inserted more than this terminated in the RA (Table 4 ). Nine REJ TLCs inserted to Hll 0 cm ended in the SVC, while three of six (50%) inserted more than this ended in the RA (Table 5 ). Either a high or low RIJ approach was used. These lengths use the high RIJ as the standard and low insertions have been adjusted by adding 2 cm to the length inserted. e.g. Low RIJ to 16 cm ina 160cmpatient = H/IO + 2cm Shorter catheters tended to abut the lateral wall of the SVc.
DISCUSSION
The overall rates of successful placement are consistent with published reports. The SC rate of 89% compares with previous results of 84-96%. [2] [3] [4] The two arterial punctures in 102 RSC attempts is similar to the three punctures in 140 attempts recorded by Matthews and W orthley3, while we had no pneumothorax and a lower incidence of malposition (six of 96 catheters compared with 19 of 126 catheters in their study). They recommended the LSC should be preferred on the basis of the increased incidence of malposition using the RSC approach (16 RIJ from 126 RSC catheters), but our incidence of three RIJ placements from 96 RSC catheters is similar to their three LIJ placements from 121 LSC catheters.
The use of a remote transducer system to measure the pressure from the introducer needle after insertion in the usual way with an aspirating syringe is routine in some centres and would have prevented the two arterial catheterisations.
The IJ success rate of 95% is comparable to published rates of 91-95%.5,6 The three carotid punctures from 60 attempts (5%) is lower than the twelve punctures in 125 IJ catheterisations (9.6%) reported by Belani et al., who also reported one tension pneumothorax. The external jugular route avoids the risk of arterial puncture at the expense of a lower success rate. Our rate of78% was lower than the reports of 90-96%,1,8 but similar to the result of 76% obtained by Belani et al. 5 This was probaly due to our inexperience with the technique since eleven different operators attempted EJ vein catheterisation. However, it was interesting to note again the increased incidence of inability to pass the J-wire from the REJ vein (22%) compared with the LEJ vein (13%) reported by Byth,1 who described failure rates of 11 % and 4% respectively. Blitt et al. 8 originally noted this asymmetry with four failures from 63 REJ attempts and no failures from 37 LEJ cannulations. The ideal position for a central venous catheter has been suggested as the SVC above the pericardial reflection. 9 . 12
It has been recommended that the catheter tip should lie no more than 2 cm below a line joining the lower borders of the medial ends of the clavicles on a PA chest X-ray.lO However, in this position many left-sided catheters will lie transversely in the innominate vein with the tip impinging on the lateral wall of the SVC, increasing the risk of erosion and perforation. The lower SVC close to its junction with the RA may be safer because all catheters tend to lie parallel to the vessel wall at this point. To accurately confirm catheter tip position in the lower SVC, each chest X-ray must be assessed individually and it is difficult to relate to bony landmarks on chest X-ray, since the SVC/RA junction varied from the 6th to 8th rib or vertebral body posteriorly and a similar variation in distance separated the clavicles from the SVC/RA junction. In this study the SVC/RAjunction was identified in each case by the characteristic widening of the right mediastinal border at this point.
In recent years the RA has been documented by several authors to be a high risk position for indwelling catheters because of the danger of cardiac tamponade,I,9,10 which, although rare, had a mortality of 65% in the 1984 literature review of Collier et af.9 Prior to 1977, 22 of 28 reported tamponades were fatal (79%) and after 1977 only six of sixteen died (38%). Sixteen of thirty identified perforations were from the RA with ten from the right ventricle. This improved survival has resulted from increased awareness of the possibility of cardiac tamponade as a complication of central venous catheterisation.
Venous pressure measured in any of the intrathoracic veins will reflect RA pressure within 1.0 mmHg in the supine individual. 13 The only reason for placing a catheter more centrally might be to aspirate an air embolus, but the ideal location for aspirating air has been demonstrated to be at the junction of the SVC and RA or slightly higher. 14 Considering we aimed to position our catheters in the SVC, the rate of RA placement was surprisingly high.
Recommendations for length of cathether insertion vary with the site and side of insertion. For RSC catheters, 10 to 15 cm has been suggested,l while ours were inserted 15 to 20 cm with 38% ending in the RA. As would be expected the longer catheters ended more frequently in the RA. On this basis it is recommended that RSC catheters be inserted to HIl 0 -2 cm.
For RIJ catheters 15 to 20 cm has been suggested, which encompasses the range in our survey. Ten of 52 (19%) ended in the RA while seven of those ten were inserted from a low approach. From Table 3 it seems that RIJ catheters should be inserted HI 1 0 cm from a midcervical puncture or less from a lower approach. Identical recommendations apply to REJ catheterisation.
For LEJ catheters 20 to 25 cm has been suggested, 1 while our catheters ranged from 1 5 to 24 cm. It is suggested that LEJ catheters be inserted to Hl1 0 + 4 cm since all nineteen catheters inserted to this depth ended in the lower SVC when three of eight (38%) inserted more than this ended in the RA.
Because of the small numbers no recommendations can be made for LIJ or LSC catheters.
It is essential to confirm the position of any central venous catheter radiographically as soon as possible after insertion.
